In the previous study, a statistically significant positive correlation between natural background radiation exposure rates and crude (non-age-adjusted) cancer mortality rates was observed in 46 Japanese prefectures over the period from 1968 until 1978. However, the significance of this correlation mostly disappeared through age adjustment. It was suggested that natural radiation levels are positively correlated with population component ratios older than 40, 50 and 65 years, which was considered to be one of the causes of the apparent correlation between exposure rates and crude cancer mortality rates.
Introduction
Ionizing radiation can cause stochastic effects with a probability depending on the dose received, and non-stochastic effects in the dose region higher than the threshold level. Carcinogenesis and genetic effects have been considered to be typical examples of the former. In Japan and elsewhere, there has been a growing interest in the stochastic effects of ionizing radiation with the developing use of nuclear energy. Also, studies on the statistical significance of the correlation between cancer mortality rate and natural background exposure rate have been becoming important as basic data on the effects of artificial ionizing radiation.
Man receives external radiation due to cosmic rays and terrestrial radioactivity, and, in addition, internal radiation from natural radioactive substances deposited in the body including 40K. The internal radiation dose due to 40K does not depend on the geological features of the area of residence, but the external radiation levels especially those due to terrestrial radioactivities are markedly dependent upon the geological characteristics of the region where people are living.
Over the period of 1968-1978, we examined the statistical significance of correlation coefficients observed between cancer mortality rate and natural background radiation exposure rate in the corresponding prefectural areas in Japan [1] [2] . In the present investigation, we examined the statistical significance of correlation coefficients observed between cancer mortality rate and natural background radiation exposure rate over the periods of 1950-1957, 1958-1967 and 1950-1978 , in order to confirm the results of our previous study.
Materials and Methods i) Prefectures included in the statistical study
Japan is administratively divided into 47 prefectures, which are the fundamental regional units used in the present study. It is essentially important to obtain reliable values for natural background radiation exposure rates and cancer mortality rates in these prefectures. As to the statistics of cancer mortality and population in Okinawa, however, we were unable to obtain any data that had been consistently available over the whole period of consideration, since the district was governed by the U.S. military administration before its retrocession to Japan in 1973. Therefore, we excluded Okinawa from our analysis, and 46 prefectures were submitted for the statistical study. ii) Prefectural average levels of natural background radiation exposure rate As the natural radiation exposure rate in each prefecture, we used the values reported by ABE [3] who measured background levels in 776 cities, towns and villages throughout the nation over the period between 1967 and 1977. Measurements were done at a height of 1 meter above the ground with an NaI (Tl) scintillation detector and an ionization chamber. The number and location of measurement points in each area were decided by taking population density into consideration. ABE finally normalized the whole measured values to those of an ionization chamber, then gave the representative value of exposure rate in each city, town and village Therefore, we computed the representative value of each prefecture by weighting the levels of exposure rate allotted to the cities, towns and villages according to the number of measurement points in those areas. iii) Population by sex, age (5-year interval) and prefecture Population data were estimated on the basis of the "Census Report" published by the Statistical Bureau of the Prime Minister's Office [4] every 5 years since [5] . However, the reports for the years other than census-taking years only give the estimated total population data in each prefecture, and no detailed statistical data on the population by sex, age class and prefecture are directly available from these reports. Therefore, we calculated these necessary values as follows.
First, we computed the population component ratio for each sex and 5-yearinterval age group in all prefectures for the years in which a census was taken. Then, the corresponding population component ratios in the non-census years were estimated from three points of adjacent years based on a parabolic equation determined to pass through these three points. For the years between 1956 and 1974, as there were two different ways of selecting the three adjacent points, i.e. (2 preceding +1 succeeding points) and (1 preceding +2 succeeding points), we allotted the arithmetic mean of two estimates to the population component ratio of the year in question. Prefectural population data by sex and age class in the non-census years were finally calculated by multiplying the thus-determined component ratio by the total population in each prefecture. iv) Crude mortality rate and age-adjusted mortality rate of cancer in each prefecture
Cancer mortality rates in each prefecture over the period 1950-1978 were estimated on the basis of the statistics on deaths from causes (simple classification) [6] . Groups older than 80 years were summed and treated as one group.
Simple classification of cancer was drastically changed twice in the period under consideration. Table 2 shows the period and the simple classification of cancers used for analysis in the present study. In addition to the items in Table 2 , analyses were done for the period 1950-1978 in the case of total cancer mortality, and 1958-1978 in the cases of stomach, lung, breast and uterine cancers and leukemia.
Mortality rates were calculated using the following equations:
As already stated in the previous report [2] , it was quite obvious that correlation coefficients proved to be insensitive to the change of reference population, although the values_ of the age-adjusted mortality rates themselves had undergone changes to some extent. We therefore took the total population in 1960 as the reference population for the calculation of age-adjusted mortality rates, as has been usually done in Japan.
Results i) Correlation between natural background radiation exposure rate and crude cancer mortality rate Table 3 is a list of Pearson's product moment correlation coefficients between the natural background radiation exposure rates and the crude cancer mortality rates. We also give the data for 1968-1978 for reference. From Table 3 , it was apparent that a statistically significant correlation existed in most cases of cancers with only a few exceptions such as the female "other cancers" in 1950-1957 and the female lung and breast cancers and leukemia for both sexes in 1958-1967. It is noteworthy that most of the correlation coefficients were positive. Statistically significant positive correlations were also observed in the cases of the total cancers for both sexes in 1950-1978 and stomach and lung cancers for both sexes and uterine cancer in . ii) Correlation between natural background exposure rate and age-adjusted cancer mortality rate Table 4 is a list of Pearson's product moment correlation coefficients between the natural background radiation exposure rates and the age-adjusted cancer mortality rates. We also give the data for 1968-1978 for reference.
From Table 4 , it was apparent that most of the cancers that showed statistically significant correlation between crude cancer mortality rate and natural background exposure rate did not show significant positive correlation coefficients when ageadjusted. Age-adjusted female lung and breast cancers in 1958-1967 came to be negatively correlated with natural exposure rate. Total cancers for both sexes in 1950-1978 and stomach and lung cancers for both sexes in 1958-1978 proved to show insignificant positive correlation when age-adjusted, although their crude mortality rates had shown a significant correlation. On the other hand, uterine cancer in 1958-1978 still showed a significant positive correlation with natural radiation level even when age-adjusted, and female breast cancer in the same period came to show a negative correlation coefficient through age adjustment. In fact, the same tendency as that observed in 1968-1978 was also observed in the three periods of this study. Figures 1, 2 and 3 show scattergrams between natural exposure rates and ageadjusted cancer mortality rates for 1950-1957, 1958-1967 and 1958-1978 (only for the case of total cancers, the period corresponds to 1950-1978). Discussion i) Accuracy of estimation of prefectural population by sex and age in non-census years
We estimated the prefectural population by sex and age in non-census years Table 4 Pearson's product moment correlation coefficient between natural background radiation exposure rate and age-adjusted cancer mortality rate Fig. 1 Scattergrams of correlation between natural background radiation exposure rates and age-adjusted cancer mortality rates in 1950-1957. based on a parabolic approximation method as stated in the previous section. Other more sophisticated methods of approximation do exist. In order to check the adequacy of our method, we tried to estimate the population by sex and age in a noncensus year based on an independent method using 3rd-order spline function. Spline function is a mathematical function which provides the smoothest curve that can pass through a number of given points [7] . The results of recalculation using 3rd-order spline function, however, yielded only a negligible difference in the estimated population by sex and age in the non-census year. Correlation coefficients -recalculated on the basis of the population data thus estimated agreed exactly with the original results down to three decimal places. ii) Cause of significant positive correlation between natural background exposure rate and crude cancer mortality rate Statistically significant positive correlation coefficients were observed in almost all cancers. This significance, however, disappeared by converting the crude mortality rate to the age-adjusted mortality rate in all cases except for uterine cancer in the period 1958-1978. The results strongly suggested that the age composition in each prefecture was significantly different. Judging from the fact that cancer mortality rate is relatively greater in older age groups, it is expected that a prefecture with a higher natural background radiation exposure rate could have a greater component ratio of older people.
This expectation was, examined by calculating the correlation coefficients between natural background exposure rate and population component ratios older Fig. 3 Scattergrams of correlation between natural background radiation exposure rates and age-adjusted cancer mortality rates in (only in the case of total cancers, the period corresponds to than 40, 50 and 65 years. The results are shown in Table 5 , which proves the existence of significant positive correlation in all the periods under consideration for both sexes.
For the time being, we do not have enough information that can fully explain this apparent correlation between radiation level and biased age distribution. It could be suggested that not a few prefectures with higher natural background exposure rates are located in relatively thinly populated districts which have been experiencing an outflow of the younger generation to more highly industrialized and urbanized areas. This could be one of the causes of the drift of age composition in those prefectures. In any case, it is indispensable in this kind of study to use ageadjusted mortality rate. Table 5 , it can also be said that the correlation between radiation level and the population component ratio of aged groups becomes weaker with the passage of time between the 1950s and 1970s. This tendency may reflect the recent social trend of progressing urbanization in Japan as a whole and population thinning in the provinces. iii) Comparison with the results of other domestic studies Recently, UENo [8] reported on the correlation of tissue dose equilavent due to natural background radiation and age-adjusted cancer incidence rate in 13 prefectures in 1979, Standardized Mortality Ratio in 46 prefectures over 1973-1977, and non-age-adjusted cancer mortality rate in the age group older than 40 years in 649 Japanese cities, towns and villages over the period [1969] [1970] [1971] . He found that tissue dose equivalent rate showed a significant positive correlation with age-adjusted male liver cancer incidence rate and with non-age-adjusted male stomach cancer mortality rate in the age group over 40 years old. As to the stomach cancer, however, the significance of correlation may disappear if age-adjustment is carried out on the basis of the data obtained over a longer observation period, although this prediction cannot be certain since the period of observation and regions under consideration in his study were somewhat different from those in this study.
Considering that the period of observation in our study was fairly long , and that the statistical sample size used for analysis was adequately large, we consider that the results describing the significance of correlation between natural background radiation exposure rate and age-adjusted cancer mortality rate are of some importance.
